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(£) Optical information recording medium, optical information recording method, and optical 
information reproducing apparatus 



@ An optical information recording medium In- 
cludes a track storing information in a plurality of 
sectors, wherein the track is formed spirally or con- 
centrically. One sector includes a plurality of frames 
and one frame Includes a resync mark region, a 
frame address region, an information region, and a 
postamble region. In the information region In the 

FIG, 9 
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first frame, identification information (sector address 
number) for Identifying the position of the sector is 
stored. In the information region in each frame, in- 
formation obtained as a result of scrambling per- 
formed based on a value of the identification in- 
formation is stored. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to an optical in- 
formation recording medium from which informa- 
tion is read by radiation of a converged light beam, 
and an optical information recording method for 
recording information in such an optical information 
recording medium, and an optical information re- 
producing apparatus for reading information which 
is recorded in the optical information recording 
medium using such an optical information record- 
ing method. 

2. Description of the Related Art: 

Optical information recording medium used ex- 
clusively for reproducing information data 
(hereinafter, referred to as optical information car- 
riers), which store a large capacity of data for 
reproduction, are used more and more today for 
carrying various types of information data such as 
audio and video information data. An increase in 
capacity of information which can be stored by the 
optical information carrier and a reduction in size of 
the optical information reproducing apparatus using 
the optical information carrier are demanded. In 
order to fulfill such demands, the information re- 
cording density in the optical information carrier 
needs to be raised. 

In a conventional optical information carrier, an 
information track (hereinafter, referred to simply as 
a "track") having pits is formed spirally or concen- 
trically in a surface of a disc-shaped substrate 
formed of a resin. On the surface having the track 
(hereinafter, referred to as a "information carrying 
surface"), a reflective film formed of aluminum or 
the like is formed by sputtering or the like. In this 
specification, the spiral track will be treated as a 
plurality of tracks for simplicity when describing 
portions of the spiral track which are at different 
radial distances from the center of the optical in- 
formation carrier. 

In order to reproduce information from such an 
optical information carrier, a light beam generated 
by a semiconductor laser is radiated toward the 
optical information carrier and converged on the 
information carrying surface thereof. While per- 
forming tracking control, namely, while controlling 
the light beam to be on the track, the light reflected 
by the optical information carrier is detected. The 
intensity of the reflected light changes in accor- 
dance with the pits which are formed in correspon- 
dence with the information. Thus, the information is 
read by detecting the change in the intensity of the 
reflected light. 
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As methods for detecting a control signal used 
for tracking control, namely, a tracking error signal 
indicating a positional error (referred to as a "track- - 
ing error") of the light beam on the optical informa- 

5 tion carrier from the track, a differential phase 
tracking error detection method or a 3-beam meth- 
od are known. 

By the differential phase tracking error detec- 
tion method, a light detector located on a detection 

10 surface is divided along the tracking direction and 
the width direction of the track to have four detec- 
tor elements. The light reflected by the optical 
information carrier is received by such a light de- 
tector, and a tracking error signal is detected based 

75 on a phase difference between the added signals 
from diagonal pairs of the detector elements. The 
differential phase tracking error detection method is 
disclosed in. for example. Japanese Laid-Open Pat- 
ent Publication Nos. 52-93222 and 62-20145. 

20 By the 3-beam method, a light beam for read- 

ing information and two auxiliary light beams (total 
three beams) are radiated toward the optical in- 
formation carrier, and the light beams reflected by 
the optical information carrier are detected by a 

25 light detector- A tracking error signal is detected 
based on a difference between the intensities of 
the light beams obtained from the two auxiliary 
light beams. The 3-beam method is disclosed in, 
for example. Japanese Patent Publication No. 53- 

30 13123. 

The information recording density in the optical 
information carrier is determined by the track pitch 
and the information density per unit length of the 
track (namely, linear density of the information). If 

35 the track pitch is reduced, crosstalk caused be- 
tween two adjacent tracks is increased. Especially 
in the case when a signal recorded in one track is 
strongly correlated with a signal recorded in adja- 
cent track, a pseudo tracking error signal is gen- 

40 erated, resulting in unstable tracking control. For 
example, in the case when pits are formed over 
several tracks at a constant spatial frequency, a 
signal recorded in the track on which the light 
beam is positioned is strongly correlated with sig- 

45 nals recorded in two tracks adjacent thereto. This 
causes crosstalk between the three tracks and dis- 
turbs the tracking error signal; resulting in unstable 
tracking control. 

For recording of a digital image on the optical 

50 information carrier, a still image and a moving 
image are recorded. For recording a moving im- 
age, information to be recorded varies over time 
and thus no problem is generated. For recording a 
still image, the same image (the same information) 

55 is recorded over several tracks. In such a case, the 
signals recorded in adjacent tracks are strongly 
correlated with each other. Thus, the tracking con- 
trol becomes unstable. 

2 
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For recording computer data or the like, sev- 
eral outermost tracks or several innermost tracks 
are used as a control area. The control data re- 
corded in the control area contains information 
about the table of contents on the optical informa- 
tion carrier. In a blank area of the control area 
where no information is recorded, data such as 
"FF" is uniformly recorded in a hexadecimal nota- 
tion. In such a case also, the same information is 
recorded over several tracks. As a result, signals 
which are strongly correlated with each other are 
recorded in adjacent tracks, thereby causing unsta- 
ble tracking control. 

Tracking control generally occurs in a range of 
approximately several kilohertz. If signals having a 
frequency in such a range are strongly correlated 
with each other, the tracking control is disturbed. 
For example, when the rotation sp>eed of the optical 
information carrier is 1,800 rpm. at a pK)sition radi- 
ally away from the center of the optical information 
carrier by approximately 35 mm. the tracking con- 
trol is disturbed if tracks have signals which are 
strongly correlated over several millimeters. 

SUMMARY OF THE INVENTION 

According to one aspect of the invention, an 
optical information recording medium includes: a 
disc-shaped substrate; and at least one track 
formed in a surface of the substrate in one of a 
spiral form and a concentric form, wherein the track 
includes a plurality of sectors arranged succes- 
sively, and the plurality of sectors each store in- 
formation obtained as a result of scrambling which 
is performed based on an initial value obtained in 
accordance with a value of identification information 
for identifying a position of the sector. 

In one embodiment, the track is formed in the 
spiral form, and the plurality of sectors included in 
the track is serially provided with sector numbers 
for identifying the positions of the sectors, the 
sector numbers being used as the identification 
information. 

In another embodiment, the initial value 
changes by a prescribed number of sectors located 
successively in a circumferential direction of the 
optical information recording medium. 

In still another embodiment, the initial value 
changes by 2" sectors where n is a positive in- 
teger. 

In still another embodiment, the initial value 
changes by a number of sectors which is smaller 
than a number of sectors included in an innermost 
track. 

According to another aspect of the invention, 
an optical information recording method for record- 
ing information on at least one track formed in a 
surface of a disc-shaped substrate in one of a 
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spiral form and a concentric form, the track includ- 
ing a plurality of sectors arranged successively, 
includes the steps of: scrambling the information 
based on an initial value obtained in accordance 

5 with a value of identification information for identify- 
ing a position of each of the plurality of sectors; 
and recording the information obtained as a result 
of scrambling on the respective sectors. 

In one embodiment, the track is formed in the 

10 spiral form, the plurality of sectors included in the 
track is serially provided with sector numbers for 
identifying the positions of the sectors, and the 
information is scrambled using a shift register 
which uses a value corresponding to each of the 

75 sector numbers as the initial value. 

In another embodiment, the initial value 
changes by a prescribed number of sectors located 
successively in a circumferential direction of the 
optical information recording medium. 

20 In still another embodiment, the initial value 

changes by 2" sectors where n is a positive in- 
teger. 

In still another embodiment, the initial value 
changes by a number of sectors which is smaller 
25 than a number of sectors included in an innermost 
track. 

In still another embodiment, the step of scram- 
bling the information includes the steps of: dividing 
the information into a plurality of units correspond- 

30 ing to the plurality of sectors; scrambling each of 
the plurality of units of the information based on 
the initial value obtained in accordance with the 
value of the identification information; and convert- 
ing the identification information and the scrambled 

35 information into an error-correctable code word, 
wherein the step of recording the information in- 
cludes the step of recording the code word in the 
respective sectors. 

In still another embodiment, the step of scram- 

40 bling the information includes the steps of: dividing 
the information into a plurality of units correspond- 
ing to the plurality of sectors; converting the iden- 
tification information and each of the plurality of 
units of the information Into an error-correctable 

45 code word; and scrambling the cord word based on 
the initial value obtained in accordance with the 
value of the identification information, wherein the 
step of recording the information includes the step 
of recording the scrambled code word in the re- 

50 spective sectors. 

According to still another aspect of the inven- 
tion, an optical information reproducing apparatus 
for reproducing information recorded on an optical 
information recording medium including at least 

55 one track formed in a surface of a disc-shaped 
substrate in one of a spiral form and a concentric 
form, the track including a plurality of sectors ar- 
ranged successively, and the plurality of sectors 

3 
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each storing information in the state of being 
scrambled based on an initial value in accordance 
with a value of identification information for Identify- 
ing a position of the sector, includes: demodulation 
means for demodulating a signal reproduced from 
the optical information recording medium and gen- 
erating a demodulation signal; identification infor- 
mation reading means for reading the identification 
information from the demodulation signal; initial val- 
ue generation means for generating a value cor- 
responding to the identification information read by 
the identification information reading means; timing 
signal generation means for generating a timing 
signal indicating the timing for starting descram- 
bling based on the demodulation signal; descram- 
ble signal generation means for generating a signal 
for descrambling in response to the timing signal, 
using the value generated by the initial value gen- 
eration means as the initial value; and descram- 
bling means for descrambling the demodulation 
signal based on the signal generated by the de- 
scramble signal generation means. 

According to still another aspect of the inven- 
tion, an optical information reproducing apparatus 
for reproducing information recorded on an optical 
information recording medium including at least 
one track formed in a surface of a disc-shaped 
substrate in one of a spiral form and a concentric 
form, the track including a plurality of sectors ar- 
ranged successively, and the plurality of sectors 
each storing information in the state of being 
scrambled based on an initial value in accordance 
with a value of identification information for identify- 
ing a position of the sector, includes: demodulation 
means for demodulating a signal reproduced from 
the optical information recording medium and gen- 
erating a demodulation signal; error correction 
means for correcting an error included in the de- 
modulation signal and generating the corrected in- 
formation; identification information reading means 
for reading the identification information from the 
corrected information; initial value generation 
means for generating a value corresponding to the 
identification information read by the identification 
information reading means; timing signal genera- 
tion means for generating a timing signal indicating 
the timing for starting descrambling based on the 
corrected information; descramble signal genera- 
tion means for generating a signal for descrambling 
in response to the timing signal, using the value 
generated by the initial value generation means as 
the initial value; and descrambling means for de- 
scrambling the corrected information based on the 
signal generated by the descramble signal genera- 
tion means. 

Thus, the invention described herein makes 
possible the advantages of (1) providing an optical 
information recording medium and an optical in- 
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formation recording method for providing an ac- 
curate tracking error signal while reducing the 
tracking pitch, and (2) providing an optical informa- 
tion reproducing apparatus for reproducing the in- 

5 formation which is recorded in such an optical 
information recording medium using such an op- 
tical information recording method. 

These and other advantages of the present 
invention will become apparent to those skilled in 

10 the art upon reading and understanding the follow- 
ing detailed description with reference to the ac- 
companying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

IS 

Rgure 1 is a schematic plan view of an optical 
information carrier; 

Figure 2A is a view illustrating a format of in- 
formation in one track; 
20 Figure 2B is a view illustrating a format of in- 
formation in one sector; 

Figure 2C is a view illustrating a format of an 

information region of a first frame; 

Figure 2D is a view illustrating a format of one 

25 sector address: 

Figure 3 is a view schematically illustrating a 
configuration of an arrangement pattern of 
2400B information recorded in one sector in the 
form of an error correction code including a 

30 parity region added thereto; 

Figure 4 is a view schematically illustrating a 
format of the data recorded in the optical in- 
formation carrier; 

Rgure 5 is a block diagram of a formatter for 
35 forming data to be recorded in the optical in- 
formation carrier in a first example according to 
the present invention; 

Figure 6 is a block diagram of a scramble circuit 
shown in Figure 5; 
40 Figure 7 is a block diagram of an M-sequence 
generator included in the scramble circuit shown 
in Figure 6; 

Figure 8 is a block diagram of an optical in- 
formation reproducing apparatus for reproducing 
45 the data recorded in the optical information car- 
rier in the first example according to the present 
invention; 

Figure 9 is a block diagram of a descramble 
circuit shown in Figure 8; 
50 Figure 10 is a block diagram of an M-sequence 
generator included in the descramble circuit 
shown in Figure 9; 

Figure 11 is a block diagram of a formatter for 
forming data to be recorded in the optical in- 
55 formation carrier in a second example according 
to the present invention; 

Figure 12 is a block diagram of a scramble 
circuit shown in Figure 11; 

4 
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Figure 13 is a block diagram of an optical in- 
formation reproducing apparatus for reproducing 
the data recorded in the optical information car- 
rier in the second example according to the 
present invention; and 

Rgure 14 is a block diagram of a descramble 
circuit shown in Figure 13. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Hereinafter, the present Invention will be de- 
scribed by way of illustrative examples with refer- 
ence to the accompanying drawings. 

Example 1 

A first example according to the present inven- 
tion will be described with reference to Figures 1 
through 10. 

Rgure 1 is a schematic top view of an optical 
information carrier 101. In a surface of the disk- 
shaped optical information carrier 101, a spiral 
track 102 for storing information in the form of pits 
is formed. The information is recorded by a CLV 
(constant linear velocity) system, which allows the 
information density per unit length of the track 102 
(linear density) to be constant regardless of the 
position in the radius direction of the optical in- 
formation carrier 101. As is described previously, 
the spiral track will be treated as a plurality of 
tracks for simplicity when describing portions of the 
spiral track which are at different radial distances 
from the center of the optical information carrier. 

With reference to Figures 2A through 2D, a 
format of information recorded in the track 102 will 
be described in detail. 

Rgure 2 A shows a format of information stored 
in the track. In the track 102, a plurality of sectors 
81, S2, S3, ... Sn and Sn + 1 which store the 
information in the same format are formed succes- 
sively. 

Figure 2B shows a format of one of the plural- 
ity of sectors, for example, the first sector Si . The 
sector Si includes 60 frames FR01 through FR60. 
The respective frames FR01 through FR60 include: 
a resync mark region RSOl through RS60 for re- 
alizing frame synchronization when the information 
is reproduced; a frame address region FA01 
through FA60 for identifying the frame position; an 
information region INFOl through INF60; and a 
postamble region PAOl through PA60. The resync 
mark regions RSOl through RS60 and the frame 
address regions FA01 through FA60 each have a 
capacity of IB (byte) when converted to the data in 
each of the information regions INF01 through 
INF60. The information regions INFOl through 
INF60 each have a capacity of 40B. 
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Typically, one or two pits are formed for each 
of the postamble regions PAOl through PA60 al- 
though more pits can be formed. For example, in 
the case when recording is performed using the 
5 RLL (1 ,7) modulation system (coding in which an 8- 
bit data is converted into 12 channel bits), which is 
known as a run-length limited code, the length of 
each pit or a length of a space between the re- 
spective pits is 2T to 11T where T is a channel 
10 clock. However, provision of at least one set of a 
pit and a space each having a length of 2T is 
sufficient in each of the postamble regions PAOl 
through PA60. 

Alternatively, formation of the pits in the post- 
75 amble regions PAOl through PA60 is omitted since 
the pits therein are used for simply facilitating 
reading of the information which is stored in the 
information regions INFOl through INF60. 

In the resync mark regions RS01 through 
20 RS60. the pits are formed in a pattern which does 
not appear in the other regions in the frames. For 
example, in the case of using the RLL (1 ,7) modu- 
lation system, the pits are prescribed to be formed 
with a space of 1 2T or more. 
25 Figure 2C shows a format of one of the in- 

formation regions, for example, INF01 for the first 
frame FR01. The information region INFOl having a 
capacity of 408 includes a sector address region 
10 for storing a 168 sector address (header) for 
30 identifying the position of the sector, a 168 sub- 
code region 20 for storing management data, and a 
data region 30 for storing user data having a ca- 
pacity of 88, 

Figure 2D shows a format of the sector ad- 
35 dress region 10. The sector address region 10 
includes a first region 10a and a second region 
10b which respectively bear address numbers IDO 
and ID1 each supplied with an CRC code. That is, 
the address numbers are recorded twofold, namely, 
40 both in the first and the second regions 10a and 
10b of the sector address 10. In practice, sector 
numbers which are provided to the sectors serially 
from the innermost track to the outermost track are 
used as the address numbers. 
45 The information stored in the data region 30 - 

(SB) in the information region INF01 in the first 
frame FR01 and the information stored in the in- 
formation regions INF02 through INF60 in the 
frames FR02 through FR60 are scrambled for ran- 
50 domizing the data as is described below in detail. 
In Figure 2B, the regions to be scrambled are 
indicated by reference letters X1 through X60. 

Figure 3 schematically illustrates a configura- 
tion of an arrangement pattern of the information 
55 having a total capacity of 2400B (408 x 60 frames; 
40B per frame) stored in one sector as an error 
correction code (hereinafter, referred as an "ECC") 
including a parity region added thereto. 

5 
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The capacity of original data stored in one 
sector is 20808 (2048B (user data) + t6B (sector 
address) + 168 (subcode address)). Herein, the 
phrase "original data" means the data before con- 
version into a code word. Such data is treated with 
interleave with a unit of IB (IB = 8 bits) to be 
arranged in an original data region 40 in a pattern 
having 104B as columns and 208 as rows. In 
detail, the original data is arranged in order in sub 
regions 40-1 through 40-104 indicated by the solid 
lines in the original data region 40 in Figure 3. 

A parity region 50 is added to the data in the 
original data region 40 in the following manner. 
104B information digits which form respective other 
sub regions 40a through 40t indicated by the 
dashed lines in the original data region 40 in Figure 
3 are respectively provided with 16B check digits. 
Thus, an ECC is formed to have a code length of 
120B, the check digits of 16B and the information 
digits of 1048. In Rgure 3. the check digits respec- 
tively provided to the sub regions 40a through 40t 
are indicated as sub regions 50a through 50t - 
(dashed lines) in the parity region 50 Thus, the 
2048B original data stored in the original data re- 
gion 40 is provided with the 320B parity region 50. 
resulting in a total capacity of the information re- 
gion in each sector of 2400B in a code word region 
60. The ECC formed as described above is a type 
of Reed-Solomon code and is referred to as a long 
distance code with a degree of redundancy of 16 
or simply as an LDC. 

With reference to Figure 4. the order in which 
information is recorded in one sector will be de- 
scribed. Figure 4 schematically shows a format of 
information stored in the optical information carrier 
101. 

For example, in the first frame FR01, the re- 
sync mark region RS01, the frame address region 
FA01 . the information region INF01 . and a postam- 
ble region PA01 are arranged in this order in the 
direction indicated by arrow 401. In the information 
region INF01, the 16B sector address region 10. 
the 16B subcode region 20, and the 88 user data 
region 30 are arranged in this order. 

Each frame corresponds to two lines. In a first 
line In the first frame FR01, the resync mark region 
RS01. the frame address region FA01. and the 
sector address region 10 and 48 of the subcode 
region 20 among the information region INFOl are 
arranged. In a second line in the first frame FR01, 
the remaining 128 of the subcode region 20, the 
user data region 30, and the postamble region 
PA01 are arranged. 

The information In the frames FR02 through 
FR60 are recorded on the optical information car- 
rier 101 In the same manner except that the in- 
formation regions INF02 through INF60 of the 
frames FR02 through FR60 do not include the 
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sector address region 10 or the subcode region 20. 
but only user data is recorded in the information 
regions INF02 through INF60 entirely. 

As is described with reference to Figure 3, the 

5 information to be recorded actually includes the 
2080B original data and the 320B check digits in 
the parity region 50 added to the original data. In 
the example shown in Figure 4, the frames FR01 
through FR52 correspond to the original data re- 

70 gion 40 shown in Rgure 3 and store the original 
data. The frames FR53 through FR60 correspond 
to the parity region 60 in Figure 3. 

With reference to Rgure 5, how the information 
is recorded will be described. Rgure 5 is a block 

IS diagram of a formatter 500 for forming data to be 
recorded in the optical information carrier 101. 

The user data is sent from a user data sending 
device 501 such as a magnetic disk and the like to 
an address addition circuit 502. The address addi- 

20 tion circuit 502 divides the user data into a plurality 
of units each of 20488, adds information of 328 
which corresponds to a sector address and a sub- 
code to a leading end of each unit, and sends the 
resultant data to an ECC conversion circuit 503. 

25 The ECC conversion circuit 503 arranges the re- 
ceived data as shown In Figure 3 to convert into a 
code word. The converted code word is sent to a 
scramble circuit 504 in order, starting from the top 
of the first line (left in Figure 4). The scramble 

30 circuit 504 scrambles the data except for the in- 
formation of 328 corresFX)nding to the sector ad- 
dress and the subcode to randomize the data, and 
sends the resultant data to a modulation circuit 
505. The modulation circuit 505 modulates the data 

35 by a prescribed modulation system and sends the 
modulated data to a frame formatter circuit 506. 
The frame formatter circuit 506 divides the re- 
ceived data into a plurality of units each of 40B, 
and adds a resync pattern and a frame address at 

40 a leading end of each unit and also adds a postam- 
ble signal at a trailing end of each unit. In this 
manner, the data to be recorded is formatted com- 
pletely. The completed data is sent to a recording 
apparatus (not shown). 

45 In the recording apparatus, a substrate to be 

formed into the optical information carrier 101 hav- 
ing a photoresist layer is rotated. The rotation 
speed is set to be in inverse proportion to the 
distance of the position in the radius direction from 

50 the center of the substrate so as to allow the linear 
velocity to be constant- The intensity of a light 
beam generated by a light source such as an 
argon laser or a krypton laser is modulated in 
accordance with a signal from the frame formatter 

55 circuit 506. The modulated light beam is radiated 
toward the substrate in a rotating state to form pits 
in a pattern corresponding to the signal. In this 
manner, the information is recorded. The recording 

6 
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apparatus is known, and thus detailed description 
thereof is omitted here. 

With reference to Figure 6, the scramble circuit 
504 will be described. Figure 6 is a block diagram 
of the scramble circuit 504. 

The scramble circuit 504 includes an address 
reading circuit 601, an initial value generation cir- 
cuit 602, an M-sequence generator 603, a counting 
circuit 604, and an exclusive-OR circuit 605. 

The address reading circuit 601 receives the 
data sent from the ECC conversion circuit 503. 
reads an sector address number from the data and 
sends the address number to the Initial value gen- 
eration circuit 602. The address number is used as 
an identification number for scrambling information. 
The initial value generation circuit 602 generates an 
initial value in accordance with the address number 
and sends the initial value to the M-sequence gen- 
erator 603. The exclusive-OR circuit 605 succes- 
sively outputs a signal in accordance with an exclu- 
sive-OR operation between a signal from the ECC 
conversion circuit 503 and a signal from the M- 
sequence generator 603. 

The counting circuit 604 counts the quantity of 
the data sent from the ECC conversion circuit 503. 
When a first 32B of the information from the lead- 
ing end of the sector is completely sent, the count- 
ing circuit 604 generates a scramble starting signal 
and sends the signal to the M-sequence generator 
603. The counting circuit 604 acts as a generator 
of a timing signal which indicates the timing for 
starting scrambling. The M-sequence generator 
603 outputs zero until receiving the scramble start- 
ing signal. Accordingly, the data which is sent from 
the ECC conversion circuit 503 before the counting 
circuit 604 generates a scramble starting signal is 
sent out from the exclusive-OR circuit 605 without 
being scrambled. Once the counting circuit 604 
generates a scramble starting signal, the M-se- 
quence generator 603, in response, generates a 
randomizing signal in correspondence with the ini- 
tial value which is sent from the initial value gen- 
eration circuit 602. The randomizing signal is used 
for scrambling. Accordingly, the exclusive-OR cir- 
cuit 605 outputs the data from the ECC conversion 
circuit 503 in the state of being scrambled. 

With reference to Figure 7, the M-sequence 
generator 603 will be described. Figure 7 shows a 
block configuration of the M-sequence generator 
603. 

Flip-flop circuits FFO through FF17 included in 
the M-sequence generator 603 form an 18-bit feed- 
back shift register. In other words, an exclusive-OR 
between outputs from each of the flip-flop circuits 
FFO and FF7 is obtained by an exclusive-OR circuit 
701, and such an exclusive-OR is input to the flip- 
flop circuit FF17. The address reading circuit 601 
reads each of addresses serially provided as the 
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sector numbers to the sectors and sends the val- 
ues of the fourth least significant bit through the 
seventh least significant bit (A3 through A6) of the 
address to the Initial value generation circuit 602. 

5 The initial value generation circuit 602 generates an 
initial value In accordance with the received values 
of the four bits (A3 through AS). Since the value of 
A3 (the fourth least significant bit) changes every 
eight sectors, the initial value changes every eight 

70 sectors. The initial value generation circuit 602 
sends such an Initial value which changes every 
eight sectors to the M-sequence generator 603. 
When the scramble starting signal is sent from the 
counting circuit 604 to the M-sequence generator 

75 603, the Initial value from the initial value genera- 
tion circuit 602 is set in the flip-flop circuits FFO 
through FF17. 

The M-sequence generator 603 shown In Fig- 
ure 7 is a type of shift register sequence generator 

20 and is referred to as a maximum length shift regis- 
ter sequence generator. A sequence generated by 
the M-sequence generator 603 is referred to as a 
maximum length shift register sequence or an M- 
sequence. The M-sequence generator 603 shown 

25 in Figure 7 generates an 18-order polynomial ex- 
pressed by the following equation. 

H(X) = X^s + X7 + 1 

30 Since the M-sequence generator 603 in Figure 

7 has an 18-stage shift register, the cycle of a 
signal sent from the M-sequence generator 603 is 
n = 2^8 . 1 namely, approximately 32768B. By 
appropriately selecting the initial value, data having 

35 a capacity of up to 32768B can be randomized 
completely. 

Setting of the initial value will be described, 
hereinafter. 

It is assumed that the optical information car- 

40 rier 101 has a diameter of 120 mm, and an area 
between a circle having a radius of 25 mm and a 
circle having a radius of 58 mm Is an information 
tracking area in which tracks are formed. In the 
case where the linear density of the information to 

45 be recorded in the track is 0.3 um/bit and the total 
capacity of information per one sector, including 
the resync pattern, the frame address and the 
postamble, is 2530B. the length of one sector is 
approximately 6.1 mm. This length means that 

50 approximately 26 sectors are formed per track in 
an Inner portion of the optical information carrier 
101. and that approximately 60 sectors are formed 
per track in the outer portion thereof. As Is de- 
scribed above with reference to Figure 7, the initial 

55 value generation circuit 602 changes the initial val- 
ue in accordance with the values of the fourth least 
significant bit to the seventh least significant bit (A3 
through A6). Accordingly, the initial value sent to 
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the M-sequence generator 603 changes every time 
the value of the fourth least significant bit changes, 
namely, every eight sectors. 

For example, in the case where the value ob- 
tained by dividing the cycle of a signal from the M- 
sequence generator 603 by 16 corresponds to the 
values of A3 through A6 (fourth least significant bit 
to the seventh least significant bit) of the address 
which is read by the address reading circuit 601. 
and the M-sequence generator 603 is preset in 
accordance with the address, the data is random- 
ized over 128 sectors (= 16 x 8) even if the same 
data is recorded. The number of sectors per track 
of the optical information carrier 101 is approxi- 
mately 60 sectors at the maximum (in an outer 
periphery). Accordingly, when the data is random- 
ized over 128 sectors, the correlation between sig- 
nals recorded in adjacent tracks is significantly 
alleviated. 

As is described above, the data in the sector 
address regions and the subcode regions is not 
scrambled. The data in the resync mark regions 
and the postamble regions, which is added after 
scrambling, is not scrambled either. If such regions 
are located in adjacent tracks in the width direction 
of the optical information carrier 101. the correla- 
tion is increased. However, even the sector ad- 
dress region and the subcode region having a 
largest capacity of information have a total capacity 
of 32B, and the total length thereof is 100 um or 
less. Such a length is sufficiently short enough to 
be ignored. 

The reason why the data in the sector address 
regions is not scrambled is that the initial value 
needs to be found for obtaining the original in- 
formation from the scrambled information, namely, 
when the scrambled information is descrambled for 
reproducing the recorded information. The data re- 
corded in the subcode regions is information which 
indicates whether the recorded information is audio 
information or video information or the like, and 
thus is preferably read in a short period of time 
without being descrambled. However, the data in 
the subcode regions can be scrambled. In such a 
case, no problem occurs except that reading of the 
data in the subcode regions requires a certain 
length of time. 

With reference to Rgure 8, how the information 
stored in the optical information carrier 101 is re- 
produced will be described. 

Figure 8 is a partial block diagram of an optical 
information reproducing apparatus 800 in the first 
example according to the present invention. The 
optical information reproducing apparatus 800 in- 
cludes a demodulation circuit 801. a descramble 
circuit 802 and an error correction circuit 803. 

The demodulation circuit 801 demodulates the 
signals reproduced from the optical information 
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carrier using an optical head, and sends the de- 
modulated data to the descramble circuit 802. The 
descramble circuit 802 reads an address from the 
demodulated signal and descrambles the data ex- 

5 cept for the 32B data stored in the sector address 
region and the subcode region. The resultant data 
is sent to the error correction circuit 803. The error 
correction circuit 803 corrects any existing error in 
the information which is sent from the descramble 

10 circuit 802 and sends out the resultant corrected 
original data. 

With reference to Figure 9. the descramble 
circuit 802 will be described in detail. 

The descramble circuit 802. which has sub- 

75 stantially the same structure as that of the scram- 
ble circuit 504 shown in Figure 6. includes an 
address reading circuit 901. an initial value genera- 
tion circuit 902, an M-sequence generator 903, a 
counting circuit 904, and an exclusive-OR circuit 

20 905. 

The address reading circuit 901 receives the 
reproduced signals sent from the demodulation cir- 
cuit 801, and reads a sector address number there- 
from. The address number, which is used as an 

25 identification number for descrambling, is sent to 
the Initial value generation circuit 902. The initial 
value generation circuit 902 generates an initial 
value in accordance with the address number and 
sends the initial value to the M-sequence generator 

30 903. 

The counting circuit 904 counts the quantity of 
the data sent from the demodulation circuit 801. 
When a first 32B of the information from the lead- 
ing end of the sector is completely sent, the count- 
as ing circuit 904 generates a descramble starting 
signal and sends the signal to the M-sequence 
generator 903. The counting circuit 904 acts as a 
generator of a timing signal which indicates the 
timing for starting descrambling. The M-sequence 
40 generator 903 outputs zero until receiving the de- 
scramble starting signal. Accordingly, the data 
which is sent from the demodulation circuit 801 
before the counting circuit 904 generates a de- 
scramble starting signal is sent out from the exclu- 
45 sive-OR circuit 905 without being descrambled. 
Once the counting circuit 904 generates a de- 
scramble starting signal, the M-sequence generator 
903. in response, generates a randomizing signal in 
correspondence with the initial value which is sent 
50 from the initial value generation circuit 902. The 
randomizing signal is used for descrambling. Ac- 
cordingly, the exclusive-OR circuit 905 outputs the 
data from the demodulation circuit 801 in the state 
of being descrambled. 
55 With reference to Figure 10. the M-sequence 

generator 903 will be described. Figure 10 shows a 
block configuration of the M-sequence generator 
903. The M-sequence generator 903 has the same 
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structure as that of the M-sequence generator 603 
shown in Figure 7. 

Flip-flop circuits FFO through FF17 included in 
the M-sequence generator 903 form an 18-bit feed- 
back shift register. In other words, an exclusive-OR 
between outputs from each of the flip-flop circuits 
FFO and FF7 is obtained by an exclusive-OR circuit 
701. and such an exclusive-OR is input to the flip- 
flop circuit FF17. The address reading circuit 901 
reads each of addresses provided serially as the 
sector numbers to the sectors and sends the val- 
ues of the fourth least significant bit through the 
seventh least significant bit (A3 through A6) of the 
address to the initial value generation circuit 902. 
The initial value generation circuit 902 generates an 
initial value in accordance with the values of the 
four bits (A3 through A6). Since the value of A3 
(the fourth least significant bit) changes every eight 
sectors, the initial value changes every eight sec- 
tors. The initial value generation circuit 902 sends 
such an initial value to the M-sequence generator 
903. When the descramble starting signal is sent 
from the counting circuit 904 to the M-sequence 
generator 903. the initial value from the initial value 
generation circuit 902 is set in the flip-flop circuits 
FFO through FF17. 

Example 2 

A second example according to the present 
invention will be described with reference to Fig- 
ures 11 through 14. 

In the scrambling operation in the first exam- 
ple, an address is read by performing demodula- 
tion when the information is read from the optical 
information carrier 101. Thus, high-speed retrieval 
is possible. However, when the address cannot be 
read, the initial value cannot be found. In such a 
case, the original data cannot be obtained by de- 
scrambling. In such circumstances, high reliability 
is demanded in reading the address. However, it is 
not always possible to read all the addresses from 
the optica! information carrier 101 due to dropout, 
dust and the like in practice. 

In the second example, a scrambling system 
for realizing accurate reading of an address in 
order to perform descrambling with certainty even 
in the presence of dropout, dust or the like will be 
used. 

Figure 11 is a block diagram of a formatter 
1100 for forming data to be recorded In the optical 
information carrier 101. In Figure 11. the same 
elements as those in Figure 5 bear the same 
reference numerals, and detailed explanation there- 
of wii! be omitted. 

The user data is sent from a user data sending 
device 501 such as a magnetic disk and the like to 
an address addition circuit 502. The address addi- 
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tion circuit 502 divides the user data into a plurality 
of units each of 2048B, adds 32B information cor- 
responding to a sector address and a subcode to a 
leading end of each unit, and sends the resultant 

5 data to a scramble circuit 1101. The scramble 
circuit 1101 scrambles the data except for the 32B 
corresponding to the sector address and the sub- 
code to randomize the data, and sends the resul- 
tant data to an EGG conversion circuit 1102. The 

70 EGG conversion circuit 1102 arranges the received 
data as is shown in Figure 3 to convert into a code 
word. The converted code word is sent to the 
modulation circuit 505 in order, starting from top of 
the first line (left in Figure 4). The modulation 

75 circuit 505 modulates the data by a prescribed 
modulation system and sends the modulated data 
to a frame formatter circuit 506. The frame format- 
ter circuit 506 divides the data into a plurality of 
units each of 408. and adds a resync pattern and a 

20 frame address at a leading end of each unit and 
also adds a postamble signal at a trailing end of 
each unit. In this manner, the data is formatted 
completely. The completed data is sent to a re- 
cording apparatus (not shown). 

25 With reference to Figure 12. the scramble cir- 

cuit 1101 will be described. Figure 12 is a block 
diagram of the scramble circuit 1101. 

The scramble circuit 1101 includes an address 
reading circuit 1201, an initial value generation 

30 circuit 1202. an M-sequence generator 1203, a 
counting circuit 1204, and an exclusive-OR circuit 
1205. 

The address reading circuit 1201 receives the 
data sent from the address addition circuit 502, and 

35 reads a sector address number from the data. The 
address number is sent to the initial value genera- 
tion circuit 1202. The initial value generation circuit 
1202 generates an initial value in accordance with 
the received address number and sends the initial 

40 value to the M-sequence generator 1203. The ex- 
clusive-OR circuit 1205 successively outputs a sig- 
nal in accordance with an exclusive-OR between a 
signal from the address addition circuit 502 and a 
signal from the M-sequence generator 1203. 

45 The counting circuit 1204 counts the quantity 

of the data sent from the address addition circuit 
502. When a first 326 of the data from the leading 
end of the sector is completely sent, the counting 
circuit 1204 generates a scramble starting signal 

50 and sends the signal to the M-sequence generator 
1203. The M-sequence generator 1203 outputs 
zero until receiving the scramble starting signal. 
Accordingly, the data which is sent from the ad- 
dress addition circuit 502 before the counting cir- 

55 cuit 1204 generates a scramble starting signal is 
sent out from the exclusive-OR circuit 1205 without 
being scrambled. Once the counting, circuit 1204 
generates a scramble starting signal, the M-se- 
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quence generator 1203, in response, generates a 
randomizing signal in correspondence with the ini- 
tial value which is sent from the initial value gen- 
eration circuit 1202. Accordingly, the exclusive-OR 
circuit 1205 outputs the signal from the address 
addition circuit 502 in the state of being scrambled. 

For reading the information from the optical 
information carrier, the address is read after per- 
forming modulation and error correction, and then 
the information is descrambled based on the ad- 
dress to obtain the original information. Such an 
operation will be described with reference to Rgure 
13. 

Figure 13 is a partial block diagram of an 
optical data reproducing apparatus 1300 in the 
second example according to the present invention. 

The optical data reproducing apparatus 1300 
includes a demodulation circuit 1301, an error cor- 
rection circuit 1302 and a descramble circuit 1303. 

The demodulation circuit 1301 demodulates a 
signal reproduced from the optical information car- 
rier 101 using an optical head, and sends the 
demodulated signal to the error correction circuit 

1302. The error correction circuit 1302 corrects an 
error of the demodulated signal, and sends the 
resultant corrected data to the descramble circuit 

1303. The descramble circuit 1303 reads an ad- 
dress from the received corrected data and de- 
scrambles the data except for the 32B data stored 
in the sector address region and the subcode re- 
gion and sends out the resultant data. 

With reference to Figure 14, the descramble 
circuit 1303 will be described in detail. Figure 14 is 
a block diagram of the descramble circuit 1303. 

The descramble circuit 1303, which has sub- 
stantially the same structure as that of the scram- 
ble circuit 1101 shown in Figure 12, includes an 
address reading circuit 1401, an initial value gen- 
eration circuit 1402, an M-sequence generator 
1403, a counting circuit 1404, and an exclusive-OR 
circuit 1405. 

The address reading circuit 1401 receives the 
signal sent from the error correction circuit 1302 
and reads a sector address number therefrom. The 
address number is sent to the initial value genera- 
tion circuit 1402. The initial value generation circuit 
1402 generates an initial value in accordance with 
the received address number and sends the initial 
value to the M-sequence generator 1403. 

The counting circuit 1404 counts the quantity 
of the data sent from the error correction circuit 
1302. When a first 32B of the data from the leading 
end of the sector is completely sent, the counting 
circuit 1404 generates a descramble starting signal 
and sends the signal to the M-sequence generator 
1403. The M-sequence generator 1403 outputs 
zero until receiving the descramble starting signal. 
Accordingly, the data which is sent from the error 
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correction circuit 1302 before the counting circuit 
1404 generates a descramble starting signal is sent 
out from the exclusive-OR circuit 1405 without be- 
ing descrambled. Once the counting circuit 1404 

5 generates a descramble starting signal, the M- 
sequence generator 1403, in response, generates a 
randomizing signal in correspondence with the ini- 
tial value which is sent from the initial value gen- 
eration circuit 1402. Accordingly, the exclusive-OR 

10 circuit 1405 outputs the signal from the error cor- 
rection circuit 1302 in the state of being descram- 
bled. 

In the second example, an address is read 
after error correction is performed as is described 

75 above. Although reading of the address takes a 
slightly longer time than in the first example, an 
error which is caused by dropout or the like is 
corrected. Accordingly, reliability in reading the ad- 
dress is improved, thus to perform descrambling 

20 with certainty. In such a system, it is necessary to 
store data for one sector in the memory before 
error correction and descrambling. This requires a 
memory having a capacity corresponding to the 
data for one sector. In the first example, such a 

25 memory is not needed. 

For recording information, the information is 
first scrambled and then converted into an EGG. 
Due to such a system, the data in the parity region 
50 in Figure 3 is not scrambled. Since the parity 

30 region 50 is added to the data which has already 
been scrambled and thus randomized, the data in 
the parity region 50 also results in being random- 
ized. Therefore, the cycle of the M-sequence gen- 
erated form the M-sequence generator can be 

35 shortened, and thus the structure of the M-se- 
quence generator can be simplified. 

In the first and the second examples, the in- 
formation is recorded by a GLV system, by which 
the optical information carrier is rotated at a con- 

40 stant circumferential velocity while recording in- 
formation thereon. The present invention is not 
limited to such a system. 

For example, a GAV (constant angular veloc- 
ity) system or a ZCAV (zone CAV) system is also 

45 usable. By the GAV system, the information is 
recorded by rotating the optical information carrier 
at a constant angular velocity. By the ZCAV sys- 
tem, the optical information carrier is divided into a 
plurality of zones, and the information is recorded 

50 so that the linear density of the information in the 
innermost track will be substantially equal among 
the plurality of zones. 

In the case when the CAV system or the ZCAV 
system is used, an address number includes a 

55 track number and a sector number. The track num- 
ber is serially provided to each of the tracks of the 
optical information carrier, taking one round thereof 
as one track. In other words, the track number is 
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serially provided in the radius direction of the op- 
tical information carrier. The sector number is seri- 
ally provided to each of the sectors included in the 
respective trades in the circumferential direction 
thereof. Since the sectors are arranged side by 
side in the radius direction, portions of the tracks 
which are adjacent to each other bear the same 
sector number. In such a structure, the initial value 
is determined based oh the track number, and a 
randomizing signal for scrambling is generated 
based on such an initial value. In this manner, the 
correlation between the signals in the adjacent 
tracks can be alleviated. Alternatively, the initial 
value is determined for scrambling based on the 
least significant bit of the track number and the 
sector number. 

The capacity of information for one sector is 
not limited to 2400B. The capacity of information 
for one frame is not limited to 40B. The frame 
address may be omitted. 

The M-sequence generator does not need to 
have an 18-stage shift register. An M-sequence 
generator having a larger-number-stage shift regis- 
ter outputs a signal having a longer cycle, and an 
M-sequence generator having a smaller-number- 
stage shift register outputs a signal having a shor- 
ter cycle. The number of the stages can be ar- 
bitrarily selected in accordance with the format, the 
information density or the like. 

The initial value does not need to change every 
eight sectors. For example, the initial value may be 
change every sector or every 16 sectors. Specifi- 
cally, the same effects can be obtained as long as 
the number of sectors by which the initial value 
changes is smaller than the number of sectors 
included in the innermost track. By changing the 
initial value, the correlation between the information 
data stored in adjacent tracks is alleviated even if 
the same data is recorded over several tracks. In 
the case where the initial value changes by 2" 
sectors (n is a positive integer), the structure of the 
initial value generation circuit can be simplified. 

The M-sequence generator may be replaced 
with any other circuit as long as a randomizing 
signal which is related with the initial value in a 
prescrit)ed manner is generated. 

The error correction signal may be a product 
code or a CIRC (cross interleave Reed-Solomon 
code) used in a compact disc. The signal for deter- 
mining the initial value may be any signal which 
identifies the position, for example, a time code 
identifying the time. 

As has been described so far, according to the 
present invention, information is scrambled based 
on an initial value in accordance with the value of 
the identification information identifying the position 
of each sector, and recorded in a plurality of sec- 
tors included in a track formed spirally or concen- 



trically on a surface of a disc-shaped substrate. 
The scrambled and thus randomized data is re- 
corded on the optical infomnation carrier. Since 
adjacent tracks store different data, the correlation 

5 between such different data is alleviated. Accord- 
ingly, the crosstalk is randomized, as a result of 
which, the influence of the crosstalk on the tracking 
control is reduced. Thus, stable tracking control is 
guaranteed even if the tracking pitch is reduced. 

70 As the identification information used for 

scrambling, the sector number provided to each of 
the plurality of sectors can be used, for example. 
The sector number which is inevitably needed for 
recording data, is easily used as the identification 

75 information. By using the sector number as the 
identification information, provision of an additional 
circuit for generating the identification information 
can be eliminated. 

When the initial value used for scrambling 

20 changes by a prescribed number of sectors which 
are located successively in the circumferential di- 
rection of the optical information carrier, the ran- 
domized data obtained as a result of scrambling is 
recorded even if the same data is recorded over 

25 several tracks. 

In the case when the initial value changes by 
2" sectors (n is a positive integer), the structure of 
the initial value generating circuit can be simplified. 
In the case when the number of sectors by 

30 which the initial value changes is smaller than the 
number of sectors included in the innermost track, 
the data to be recorded is randomized with cer- 
tainty even if the same information is recorded 
successively in an innermost area of the optical 

35 information carrier. 

For recording the infomnation, the information is 
divided into a plurality of units corresponding to the 
plurality of sectors. Each unit of the information is 
scrambled based on the initial value obtained in 

40 accordance with the corresponding identification in- 
formation. Then, the set of the identification in- 
formation and the scrambled information is con- 
verted into an error-correctable code word in which 
an error can be corrected. In such a case, the 

45 information is recorded into each of the plurality of 
sectors in the form of a code word. In this method, 
the address is read after error correction. Although 
reading of the address takes slightly longer time, 
an error which is caused by dropout or the like is 

50 corrected. Accordingly, reliability in reading the ad- 
dress is improved, thus to perform descrambling 
with certainty. 

In an alternative method for recording the in- 
formation, the information is divided into a plurality 

55 of units corresponding to the plurality of sectors. 
Then, the set of the identification information and 
each unit of the information is converted into an 
error-correctable code word in which an error can 
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be corrected. The resultant code word is scram- 
bled, except for the Identification information, 
based on the initial value obtained in accordance 
with the value of the identification information. The 
information which is recorded in this manner can 
be retrieved at a high speed since the address can 
be read by simply performing demodulation. A 
large-capacity memory is not needed for reading 
the address. 

Various other modifications will be apparent to 
and can be readily made by those skilled in the art 
without departing from the scope and spirit of this 
invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to 
the description as set forth herein, but rather that 
the claims be broadly construed. 

Claims 



6. An optical information recording medium ac- 
cording to claim 5, wherein the initial value 
changes by a prescribed numtjer of sectors - 
located successively in a circumferential direc- 

5 tion of the optical information recording me- 

dium. 

7. An optical information recording medium ac- 
cording to claim 6, wherein the initial value 

10 changes by 2" sectorswhere n is a positive 

integer. 

8. An optical information recording medium ac- 
cording to claim 6. wherein the initial value 

75 changes by a number of sectors which is 

smaller than a number of sectors included in 
an innermost track. 

9. An optical information recording method for 
20 recording information on at least one track 

formed in a surface of a disc-shaped substrate 
in one of a spiral form and a concentric form, 
the track including a plurality of sectors ar- 
ranged successively, the method comprising 

25 the steps of: 

scrambling the information based on an 
initial value obtained in accordance with a val- 
ue of identification information for identifying a 
position of each of the plurality of sectors; and 

30 recording the information obtained as a 

result of scrambling on the respective sectors. 

10. An optical information recording method ac- 
cording to claim 9. wherein the initial value is 

35 changed by a prescribed number of sectors 

located successively in a circumferential direc- 
tion of the optical information recording me- 
dium. 

40 11. An optical information recording method ac- 
cording to claim 10, wherein the initial value is 
changed by 2" sectors where n is a positive 
integer. 

45 12. An optical information recording method ac- 
cording to claim 10. wherein the initial value is 
changed by a number of sectors which is 
smaller than a number of sectors included in 
an innermost track. 

50 



1. An optical information recording medium, com- 
prising: 

a disc-shaped substrate; and 

at least one track formed in a surface of 
the substrate in one of a spiral form and a 
concentric form. 

wherein the track includes a plurality of 
sectors arranged successively, and the plural- 
ity of sectors each store information obtained 
as a result of scrambling which is performed 
based on an initial value obtained in accor- 
dance with a value of identification information 
for identifying a position of the sector. 

2. An optical information recording medium ac- 
cording to claim 1, wherein the initial value 
changes by a prescribed number of sectors 
located successively in a circumferential direc- 
tion of the optical information recording me- 
dium. 

3. An optical information recording medium ac- 
cording to claim 2, wherein the initial value 
changes by 2" sectorswhere n is a positive 
integer. 

4. An optical information recording medium ac- 
cording to claim 2, wherein the initial value 
changes by a number of sectors which is 
smaller than a number of sectors included in 
an innermost track. 

5. An optical information recording medium ac- 
cording to claim 1, wherein the track is formed 
in the spiral form, and the plurality of sectors 
included in the track is serially provided with 
sector numbers for identifying the positions of 
the sectors, the sector numbers being used as 
the identification information. 
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13. An optical information recording method ac- 
cording to claim 9, 

wherein the step of scrambling the infor- 
mation includes the steps of: 
55 dividing the information into a plurality of 

units corresponding to the plurality of sectors; 

scrambling each of the plurality of units of 
the information based on the initial value ob- 

12 



23 



EP 0 686 968 A2 



24 



tained in accordance with the value of the 
identification information; and 

converting the identification information 
and the scrambled information into an error- 
correctable code word, 5 

wherein the step of recording the informa- 
tion includes the step of recording the code 
word in the respective sectors. 

14. An optical information recording method ac- io 
cording to claim 9, 

wherein the step of scrambling the infor- 
mation includes the steps of: 

dividing the information into a plurality of 
units corresponding to the plurality of sectors; is 

converting the identification information 
and each of the plurality of units of the in- 
formation into an error-correctable code word; 
and 

scrambling the cord word based on the 20 
initial value obtained in accordance with the 
value of the identification information, 

wherein the step of recording the informa- 
tion includes the step of recording the scram- 
bled code word in the respective sectors. 25 

15. An optical information recording method ac- 
cording to claim 9, wherein the track is formed 
in the spiral form, the plurality of sectors in- 
cluded in the track is serially provided with 30 
sector numbers for identifying the positions of 

the sectors, and the information is scrambled 
using a shift register which uses a value cor- 
responding to each of the sector numbers as 
the initial value. 35 

16. An optical information recording method ac- 
cording to claim 15, wherein the initial value 
changes by a prescribed number of sectors 
located successively in a circumferential direc- 40 
tion of the optical information recording me- 
dium. 

17. An optical information recording method ac- 
cording to claim. 16, wherein the initial value 45 
changes by 2" sectors where n is a positive 
integer. 

18. An optical information recording method ac- 
cording to claim 16. wherein the initial value so 
changes by a number of sectors which is 
smaller than a number of sectors included in 

an innermost track. 

19. An optical information recording method ac- 55 
cording to claim 15, 

wherein the step of scrambling the infor- 
mation includes the steps of: 
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dividing the information into the plurality of 
units corresponding to the plurality of sectors; 

scrambling each of the plurality of units of 
the information based on the initial value ob- 
tained in accordance with the value of the 
identification information; and 

converting the identification information 
and the scrambled information into an error- 
correctable code word, 

wherein the step of recording the informa- 
tion includes the step of recording the code 
word in the respective sectors. 

20. An optical information recording method ac- 
cording to claim 15. 

wherein the step of scrambling the infor- 
mation includes the steps of: 

dividing the information into the plurality of 
units corresponding to the plurality of sectors; 

converting the identification information 
and each of the plurality of units of the in- 
formation into an error-correctable code word; 
and 

scrambling the cord word based on the 
initial value obtained in accordance with the 
value of the identification information. 

wherein the step of recording the informa- 
tion includes the step of recording the scram- 
bled code word in the respective sectors. 

21. An optical information reproducing apparatus 
for reproducing information recorded on an op- 
tical information recording medium including at 
least one track formed in a surface of a disc- 
shaped substrate in one of a spiral form and a 
concentric form, the track including a plurality 
of sectors arranged successively, and the plu- 
rality of sectors each storing information in the 
state of being scrambled based on an initial 
value in accordance with a value of identifica- 
tion information for identifying a position of the 
sector, the optica! information reproducing ap- 
paratus comprising: 

demodulation means for demodulating a 
signal reproduced from the optical information 
recording medium and generating a demodula- 
tion signal: 

identification information reading means for 
reading the identification information from the 
demodulation signal; 

initial value generation means for generat- 
ing a value corresponding to the identification 
information read by the identification informa- 
tion reading means; 

timing signal generation means for gen- 
erating a liming signal indicating the timing for 
starting descrambling based on the demodula- 
tion signal; 



25 
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26 



descramble signal generation means for 
generating a signal for descrambling In re- 
sponse to the timing signal, using the value 
generated by the initial value generation 
means as the initial value; and s 

descrambling means for descrambling the 
demodulation signal based on the signal gen- 
erated by the descramble signal generation 
means. 

70 

22. An optical information reproducing apparatus 
for reproducing information recorded on an op- 
tical infomnation recording medium including at 
least one track formed in a surface of a disc- 
shaped substrate in one of a spiral form and a is 
concentric form, the track including a plurality 
of sectors arranged successively, and the plu- 
rality of sectors each storing information in the 
state of being scrambled based on an initial 
value in accordance with a value of identifica- 20 
tion information for identifying a position of the 
sector, the optical information reproducing ap- 
paratus comprising: 

demodulation means for demodulating a 
signal reproduced from the optical information 25 
recording medium and generating a demodula- 
tion signal; 

error correction means for correcting an 
error included in the demodulation signal and 
generating the corrected information; 30 

identification information reading means for 
reading the identification information from the 
corrected information; 

initial value generation means for generat- 
ing a value corresponding to the identification 35 
information read by the identification informa- 
tion reading means; 

timing signal generation means for gen- 
erating a timing signal indicating the timing for 
starting descrambling based on the corrected 4o 
information; 

descramble signal generation means for 
generating a signal for descrambling in re- 
sponse to the timing signal, using the value 
generated by the initial value generation 45 
means as the initial value; and 

descrambling means for descrambling the 
corrected information based on the signal gen- 
erated by the descramble signal generation 
means. so 
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FIG, 3 



40-1 40-2 
40a-F^ 
40b' 



40t^ 



.40 



Original 

data in one sector: 2080B 
Sector address: 16B 
Subcode: 16B 
Userdata:2048B 



40-104 50 
i ^ 



.60 



Parity region 
320B 



:-50a 
'^50b 



■50t 



20B 







104B 


168 


120B 



BNSDOCrD: <EP 06e6968A2_l_> 



17 



EP 0 686 968 A2 



CO 



CO 

en 



CD 
CO 



CVI 








\ 


ro 

LO 

Cl. 


u-> 

CO 


LO 










Opp JdSfl 




LO 


lO 
CO 

am 


IT) 

1:2 


D^Op J8Sn 





ro 
to 



LO 



m 
o 

CN 




BNSDOCID: <EP 0686968A2_I_> 



18 



EP 0 686 968 A2 



no 

O 

o 








<u 


5 




o 


LO 




*> 




a 


a> 










o 
-o 


cr 




<L> 


no 




00 


c: 




ZD 


se 



o 












E 


'o 


o 


o 






o 









LO 



BNSOCX:iO: <EP 0686968A2_I_> 



19 



EP 0 686 968 A2 




CO 



cz>- 



cr 




o 




'co 








a5 




> 




c: 


0 


o 




CJ 




O 




CJ) 

LjlJ 





BNSCXXID; <EP 0686968A2_I_> 



20 



EP 0 686 968 A2 



CO 



6s. 



1 





o 


CO 


















CM 




-< 




fO 
























CO 














o 






<c 








QO 




<c 


o 




a> 








CO 




in 




a> 




k_ 


























<C 




04 








< 


□□ 




CO 










SNSDOCIO: <EP 0686968A2J_> 



21 



EP 0 686 968 A2 



FIG. 8 
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FIG. 13 
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(57) An optical information recording medium 
includes a trad^ storing information in a plurality of sec- 
tors, wherein the track is formed spirally or concentrically 
One sector includes a plurality of frames and one frame 
includes a resync mark region, a frame address region, 
an information region, and a postamble region. In the 
information region in the first frame, identification infor- 
mation (sector address number) for identifying the posi- 
tion of the sector is stored. In the information region in 
each frame, information obtained as a result of scram- 
bling performed based on a value of the identification 
information is stored. 
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